Aims: Catheter-related infection, which is one of the major side effects of the use of dialysis catheters, leads to increases in hospitalization, morbidity and mortality. Antibiotic lock is an option for reducing the incidence of these infections, but there are concerns regarding antibiotic resistance. A prior study demonstrated that Taurolock (a taurolidine lock) may reduce the rate of catheter-related infection. Methods and Material: This investigation was a prospective before-and-after study. During period one, patients continued to use a heparin lock (5000 units/ml) for 6 months. During period two, they were shifted to Taurolock (a solution of 1.35% taurolidine, 4% citrate, and 500 units/ml of heparin) for 6 months. The primary outcome was the incidence of tunneled catheter-related infection and/or catheter exchange, and the secondary outcomes were the effects of Taurolock on catheter flow rate, dialysis adequacy, and catheter malfunction rate. Results: A total of 49 patients were included in this study. During period one, the primary outcome occurred 17 times, with an incidence rate of 86.8 per 100 patient-years; during period two, the primary outcome occurred 7 times, with an incidence rate of 32.6 per 100 patient-years (incidence rate ratio: 2.65, 95% confidence interval (CI): 1.05 -7.6, P = 0.023). There was no significant difference between the two periods with respect to mean catheter blood flow rate (P = 0.29). During period one, thrombolytic therapy (TPA) lock was indicated on 19 occasions, with an incidence rate of 97 per 100 patient-years; during period two, TPA lock was indicated on 53 occasions, with an incidence rate of 247.5 per 100 patient-years (incidence rate ratio: 0.3, 95% CI: 0.21 -0.67, P = 0.0003). Conclusions: We demonstrated that Taurolock usage is safe and effective for the prevention of dialysis catheter-related infection and/or catheter exchange.
Introduction
Hemodialysis (HD), which is the most common type of renal replacement therapy, requires vascular access to be obtained (via a temporary catheter, tunneled catheter, fistula, or graft) [1] - [3] .
Central venous catheters are used to provide blood access for HD patients, although these catheters are generally only reluctantly employed due to safety concerns and associated frequent complications (mainly line infection). Tunneled catheters are often used for relatively lengthy time periods, and catheter-related bacteremia is a major source of morbidity, hospitalization, and economic expense among catheter-dependent patients. Most episodes of catheter-related bacteremia are relatively uncomplicated; however, 10% to 20% of these episodes are complicated by metastatic infection, with manifestations that include endocarditis, septic arthritis, and epidural abscess. The risk of catheter-related bacteremia is proportional to the duration of central venous catheter use; in particular, this type of bacteremia occurs in 35% of patients within 3 months and 48% of patients within 6 months and exhibits an incidence rate of 0.9 to 2.0 episodes per catheter-year [4] - [7] .
Antibiotic lock has been proposed as a method for preventing catheter-related infection, although the main concern associated with this treatment is the development of antibiotic resistance in dialysis patients. Taurolidine, which has been used in Europe since the 1970s as an antimicrobial lavage for treating peritonitis and various types of wounds, has been used as a locking solution in combination with sodium citrate, which acts as an anticoagulant. Research has indicated that taurolidine is effective against a broad range of Gram-negative and Gram-positive bacteria and many types of fungi. In addition to being effective, taurolidine appears to be safe, and its use has not been associated with the side effects that have been reported for certain antibiotic lock solutions. In fact, small studies have indicated that taurolidine reduces the rate of catheter-related infection with no side effects [8] - [10] .
In this investigation, we examined the use of a taurolidine lock solution (Taurolock) in patients with tunneled catheters; in particular, the rates of catheter-related infection and/or required catheter exchange were compared before and after the introduction of this lock solution among patients treated in our unit at Hamad Medical Corporation (HMC), Doha, Qatar.
This investigation sought to compare the incidences of catheter-related infections and/or catheter exchange before and after the introduction of Taurolock in our HD unit at HMC and to determine the effects of Taurolock on catheter flow rate, HD adequacy, and thrombosis rate.
Subjects & Methods
This study was performed at two satellite centers affiliated with HMC. All catheters were placed at our main hospital (Hamad General Hospital) by vascular surgeons. All catheters were jugular and were placed under fluoroscopy with prophylactic antibiotic coverage.
Patients were recruited from December 2009 to June 2011. This investigation was a prospective study that compared the efficacies of Taurolock (a new lock solution at HMC) and heparin (a lock solution that has been in use for an extended period) with respect to reducing catheter-related infection and/or catheter exchange.
After recruitment, patients continued to use a heparin lock (5000 units/ml) for 6 months (period one). Subsequently, they were shifted to Taurolock (a solution of 1.35% taurolidine, 4% citrate, and 500 units/ml of heparin, Tauropharm, Waldbüttelbrunn, Germany) for 6 months (period two).
Inclusion criteria were adult patients who are dialyzed via a tunneled catheter. All patients who had both treatment modalities were included in the study.
Exclusion criteria were patients who had a catheter-related infection within 3 months prior to the start of the study, patients who are being treated with immunosuppressants (for any reason), patients with malignancies, and patients who are receiving chemotherapy.
The primary outcome of this study was the incidence of tunneled catheter-related infection and/or catheter exchange. The incidences of these events before and after the introduction of Taurolock were compared for our dialysis patients. The secondary outcomes of this study were catheter flow rate, dialysis adequacy, and catheter thrombosis/malfunction rate. These outcomes were compared for our dialysis patients before and after the introduction of Taurolock. Infection was diagnosed if the patient developed a fever and had positive blood cultures of the same organism from both the central and peripheral lines in the absence of any other detected sources of infection. These infections were treated in accordance with our local protocol, which consisted of the administration of empirical antibiotics, including vancomycin and amikacin, and subsequent changes in the antibiotic regimen based on culture sensitivity. In all cases of tunneled catheter malfunction, thrombolytic lock was attempted in accordance with our local protocol, which consisted of three treatments with tissue plasminogen activator (1 mg/ml) followed by the performance of catheter exchange by our local surgeon. This study was done according the Helsinki declaration, and the study protocol had been approved by the local institute's Committee on Human Research (our local ethical body). Informed consent has been obtained from all patients included in the study.
Data were tabulated using Microsoft Excel, and the Pearson chi-square test was used to assess these data. Differences in mean blood flow and dialysis clearance rates were compared using t-tests. Countable outcomes were measured as rates of occurrence/100 patient-years, with P < 0.05 regarded as statistically significant. Statistical analysis was performed using SPSS 17.0, a commercial statistical package for the social sciences.
Results
During the study period, we treated 136 patients with tunneled catheters, 49 of whom were treated with both heparin and Taurolock (36% of all patients) [ Table 1 ].
Primary Outcome
The incidence of the primary outcome (tunneled catheter-related infection and/or catheter exchange) was 17 events during period one, with an incidence rate of 86.8 per 100 patient-years, and 7 events during period two, with an incidence rate of 32.6 per 100 patient-years (incidence rate ratio: 2.65, 95% CI: 1.05 -7.6, P = 0.023).
Secondary Outcomes
There were 12 tunneled catheter-related infections during the study: 8 infections (66.6%) occurred during period one, with an incidence rate of 40.8 per 100 patient-years, and 4 infections (33.4%) occurred during period two, with an incidence rate of 18.6 per 100 patient-years. Thus, the incidence rate for tunneled catheter-related infection was 22.1 less per 100 patient-years during period two than during period one (incidence rate ratio: 2.1, 95% CI: 0.58 -9.9, P = 0.1).
During period one, 9 catheters required exchange, with an incidence rate of 45.9 per 100 patient-years; during period two, only 3 catheters required exchange, with an incidence rate of 14 per 100 patient-years. The incidence rate of catheter exchange was 31.9 per 100 patient-years less during period two than during period one (incidence rate ratio: 3.2, 95% CI: 0.8 -18.8, P = 0.05).
There was no significant difference between the two periods with respect to mean catheter blood flow rate, which was 249.2 ml/min during period one and 245.6 ml/min during period two (P = 0.29). Similarly, the dialysis clearance results (as measured by urea reduction ratio (URR)) were comparable between the two periods: during periods one and two, the mean URRs were 57.7% and 57.4%, respectively (P = 0.8).
Thrombolytic (TPA) locks were required by fewer patients during period one than during period two. During period one, TPA locks were required 19 times, with an incidence rate of 97 per 100 patient-years; during period two, TPA locks were required 53 times, with an incidence rate of 247.5 per 100 patient-years (incidence rate ratio: 0.3, 95% CI: 0.21 -0.67, P = 0.0003).
We found no differences between the two periods with respect to patterns of infection or bacterial antibiotic sensitivities (P = 0.25). Furthermore, there was no observed development of new antibiotic-resistant organisms during either period.
Discussion
The identification of a lock solution for dialysis catheters that can simultaneously reduce infection rates without affecting catheter function has always been greatly desired by clinicians [11] .
In this prospective study, we compared the rates of catheter-related infection and/or required catheter exchange during two study periods. During the first study period, we used heparin, which is the standard anticoagulant administered in most dialysis units around the world. During the second study period, we used Taurolock solution, which has become the standard lock solution at our institution.
Our data revealed a significant reduction in the rate of catheter-related infection and/or catheter exchange from period one to period two; in particular, this rate decreased from 86.8 to 32.6 per 100 patient-years, with a significant P value of 0.023. The combined outcome of catheter-related infection and/or catheter exchange was used because both of these events are highly important with respect to long-term morbidity and mortality among HD patients [12] [13] . To the best of our knowledge, this investigation is the only study to date to examine the combination of these two hard end points as the primary outcome.
The rate of catheter-related infection was impressively reduced from 40.8 episodes to 18.6 episodes per 100 patient-years from period one to period two; this result regarding reduced catheter-related infections was consistent with previous findings [14] - [16] .
In contrast to prior studies indicating that the use of Taurolock was associated with a higher rate of catheter exchange, our data revealed that catheter exchange was required less frequently during period two than during period one, with 14 exchanges per 100 patient-years during period two and 45 exchanges per 100 patient-years during period one (P = 0.05). Therefore, the greatest benefit of Taurolock may be a reduction in the rate of dialysis catheter exchange [17] [18] .
No previous studies have reported data regarding the effects of Taurolock on blood flow and dialysis clearance rates. Our results strongly indicated that Taurolock was comparable to heparin with respect to blood flow rate (245.6 versus 249.2, P = 0.29). Similarly, dialysis clearance rates were comparable during the Taurolock and heparin phases (57.4 versus 57.7, P = 0.8).
One major reported disadvantage of using Taurolock is the increased need for TPA to maintain catheter patency [19] - [21] . Our results were consistent with these prior findings; in particular, in our study, the rate of thrombolytic lock was 247 events per 100 patient-years during the Taurolock phase but only 97 events per 100 patient-years during the heparin phase. However, one reassuring consideration was that TPA was successful in most cases. During the Taurolock phase, three patients were very reluctant to undergo catheter exchange, and all three of these patients required more than six thrombolytic locks to maintain catheter patency and allow them to continue receiving their required dialysis; this phenomenon may explain the high rate of thrombolytic lock during the Taurolock phase.
This study had several limitations. First, this investigation was not a randomized controlled study, which would have been a better methodology than our study design for comparing the two lock solutions. Our center's policy was to shift all patients to Taurolock; therefore, randomization was not an option. Second, only 6 months of follow up were conducted; thus, we could not examine the long-term outcomes of treatment with the new lock solution. Finally, this study had a small sample size, which may affect the generalizability of our results to actual clinical practice.
Conclusion
In conclusion, we demonstrated that Taurolock usage is safe and effective for the prevention of dialysis cathe-ter-related infection and/or catheter exchange. The findings that the use of Taurolock instead of heparin did not affect catheter patency or dialysis clearance were reassuring. No development of antibiotic resistance was observed, and no complications with the new lock solution were reported.
